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PULSE RADAR DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a pulse radar device, and 
more particularly to a pulse radar device that transmits an electric 
wave, and detects the presence/absence of an object by receiving 
a reflection wave obtained by the reflection of the transmitted 
electric wave from the object, to thereby measure a distance to 
the detected object. 

2. Description of the Related Art 

In the conventional pulse radar device, a pulsed signal is 
periodically outputtedby a transmit means . Then, a reflection pulse 
from an object is continuously received by a receive means, and 
then binary-coded by a binary coding means . A sampling means samples 
a binary signal at every one or plural given sampling points after 
the transmit timing of the transmit means; obtains a sampling value 
of 0 or 1; and supplies the sampling value to an adding means 
corresponding to the respective sampling points. The adding means 
adds the sampling value of 0 or 1 at every given transmit number 
of times of the signals by the transmit means. Upon the completion 
of the adding process by the given number of times, a judging means 
compares a normalized addition value obtained by dividing the 
addition values in each of the adding means by the number of times 



of addition with a given threshold value, judges whether or not 
the reflection signal from the external object exists on the basis 
of the comparison result, and judges the presence/absence of the 
external object on the basis of the judgment result (for example, 
refer to JP 07-722237A, page 1 and Fig. 1) . 

In the above-mentioned conventional device, in the case where 
a precision in the distance to the obj ect is required, it is necessary 
to fine a sampling interval of the samplingmeans . In order to achieve 
this, a high-frequency clock is required, resulting in such a problem 
that the device becomes expensive . Also, there is proposed a method 
in which a receive wave is subjected to A/D conversion, and the 
distance precision is improved by the received waveform. However, 
a high-speed A/D converter is required, resulting as well in such 
a problem that the device becomes expensive. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the 
above-mentioned problem, and therefore an object of the present 
invention is to provide a pulse radar device that is inexpensive 
and high in precision. 

With the above obj ect (s) in view, the pulse radar device of 
the present invention comprises a rectangular signal generating 
means for generating a rectangular signal that is a reference signal. 
The pulse radar device of the present invention also comprises a 



transmit timing voltage setting means for setting a voltage value 
for determining a transmit timing; a transmit pulse generating means 
for generating a transmit pulse on the basis of the rectangular 
signal from the rectangular signal generating means and the voltage 
value from the transmit timing voltage setting means; a transmit 
means for transmitting an electric wave of the generated transmit 
pulse . The pulse radar device of the present invention also comprises 
a receivemeans for receiving a reflection wave obtainedby reflecting 
the electric wave by a plurality of objects so as to output its 
receive signal. Further, the pulse radar device of the present 
invention comprises a receive saw-tooth wave generating means for 
generating a saw-tooth wave in synchronism with the transmit pulse 
outputted from the transmit pulse generating means; a receive signal 
sample hold means for sample-holding a level of the saw-tooth wave 
at the time where the receive signal is inputted from the receive 
means on the basis of the saw-tooth wave from the receive saw-tooth 
wave generating means and the rectangular signal from the rectangular 
signal generating means; and a detecting and distance measuring 
means for detecting the objects and measuring a distance to the 
objects on the basis of the sample/hold output from the receive 
signal sample hold means. 



BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects and advantages of this invention will 
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become more fully apparent from the following detailed description 
taken with the accompanying drawings in which: 

Fig. 1 is a block diagram showing a structure of a pulse, radar 
device in accordance with the present invention; 

Fig. 2 is a block diagram showing one example of a specific 
structureof apulse radar device in accordance with a first embodiment 
of the present invention; 

Fig. 3 is a structural diagram showing a structure of an RF 
module in accordance with the first embodiment of the present 
invention; 

Fig. 4 is a circuit diagram showing a structure of a transmit 
pulse generating circuit in accordance with the first embodiment 
of the present invention; 

Fig. 5 is a timing chart showing an operation of the transmit 
pulse generating circuit in accordance with the first embodiment 
of the present invention; 

Fig. 6 is a circuit diagram showing a structure of a receive 
saw-tooth wave generating circuit in accordance with the first 
embodiment of the present invention; 

Fig. 7 is a timing chart showing an operation of the receive 
saw-tooth wave generating circuit in accordance with the first 
embodiment of the present invention; 

Fig. 8 is a flowchart showing a flow of processing within a 
CPU in accordance with the first embodiment of the present invention; 
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Fig. 9 is a timing chart for explaininga transmit timing voltage 
settingprocess in accordance with the first embodiment of the present 
invention; ... . . . . 

Fig. 10 is a timing chart for explaining detecting/distance 
measuring processes in accordance with the first embodiment of the 
present invention; 

Fig. 11 is a timing chart f or explaining a distance calculating 
process in accordance with the first embodiment of the present 
invention; 

Fig. 12 is a flowchart for explaining a target extracting 
process in accordance with the first embodiment of the present 
invention; and 

Fig. 13 is a flowchart for explaining a transmit timing voltage 
setting process in accordance with a second embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Now, a description will be given in more detail of preferred 

embodiments of the present invention with reference to the 

accompanying drawings . 

First Embodiment 

Hereinafter, a structure of a pulse radar device according 

to the present invention will be described with reference to the 

drawings . Fig . 1 is a block diagram showing the structure of a pulse 
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radar device in accordance with the present invention. As shown 
in Fig. 1, the pulse radar device according to the present invention 
is provided with a rectangular signal generating means 1 that 
generates a rectangular signal as a reference signal and a transmit 
timing voltage setting means 2 that sets a voltage value for 
determining a transmit timing, which are connected to a transmit 
pulse generating means 3 that generates a transmit pulse on the 
basis of outputs from the rectangular signal generating means 1 
and the transmit timing voltage setting means 2 . Also, the transmit 
pulse that is a pulsed electric wave generated by the transmit pulse 
generating means 3 is transmitted toward an object to be measured 
by the transmit means 4. A receive means 5 receives a reflection 
wave obtained by the reflection of the electric wave transmitted 
by the transmit means 4 from a plurality of objects to output a 
receive signal. The pulse radar device according to the present 
invention is also provided with a receive saw-tooth wave generating 
means 6 that generates a saw-tooth wave on the basis of an output 
from the transmit pulse generating means 3 and a receive signal 
sample/hold means 7 that samples and holds the receive signal on 
the basis of the outputs from the receive saw-tooth wave generating 
means 6 and the rectangular signal generating means 1. Further, 
the pulse radar device according to the present invention is provided 
with a detecting/distance measuring means 8 that detects the object 
and measures a distance to the object on the basis of the outputs 
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from the receive signal sample/hold means 7 and the transmit timing 
voltage setting means 2. 

Subsequently, an actual specific structural example. of the 
pulse radar device in accordance with the present invention as shown 
in Fig. 1 will be described below. As shown in Fig. 2, the pulse 
radar device according to this structural example is roughly composed 
of five parts. That is, the pulse radar device according to the 
present invention is constructed by a transmit pulse generating 
circuit 201 that generates the transmit pulse according to the 
reference rectangular signal and the transmit timing voltage, an 
RF module 202 that is composed of a transmit circuit 2021 that 
transmits a pulsed electric wave and a receive circuit 2022 that 
receives the reflection wave, a receive saw-tooth wave generating 
circuit 203 that generates the saw-tooth wave on the basis of the 
output from the transmit pulse generating circuit 201, a receive 
signal sample/hold circuit 204 that samples and holds the receive 
signal on the basis of the outputs from the receive saw-tooth wave 
generating circuit 203 and the rectangular signal, and a CPU 205 
that generates the above-mentioned reference rectangular signal 
and transmit timing voltage, detects the object, and measures the 
distance to the object on the basis of the output from the receive 
signal sample/hold circuit 204 and the transmit timing voltage. 

A correspondence relationship of Fig. 1 to Fig. 2 will be 
described. The transmit circuit 2021 shown in Fig. 2 corresponds 
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to the transmit means 4 shown in Fig. 1, and likewise the receive 
circuit 2022 in Fig. 2 is the receive means 5 in Fig. 1, the transmit 
pulse generating circuit 2 01 in Fig . 2 is the transmit pulse generating 
means 3 in Fig. 1, the receive saw-tooth wave generating circuit 
203 in Fig. 2 is the receive saw-tooth wave generating means 6 in 
Fig. 1, and the receive signal sample/hold circuit 204 in Fig. 2 
is the receive signal sample/hold means 7 in Fig. 1. Also, the CPU 
205 in Fig. 2 includes the rectangular signal generating means 1, 
the transmit timing voltage setting means 2 and the 
detecting/distance measuring means 8 in Fig. 1. 

A specific structural example of the RF module 202 of Fig. 
2 is shown in Fig. 3. A signal of 10.8375 GHz generated by an RxLO 
oscillator 301 is divided into two signals by a power divider 302. 
One of those divided signals is mixed with a signal of 1.225 GHz 
generated by a TxLO oscillator 304 in a mixer 1 (303), and thereafter 
becomes a pulsed signal on the basis of a transmit signal 316 inputted 
to a modulator 305 in the modulator 305. Then, the signal is doubled 
by a doubler 406 and then becomes a signal of 24.125 GHz by a filter 
1 (307) and radiated to the outside as an electric wave by a Tx 
antenna (308) . The filter 1 is so structured as to allow only a 
frequency component within a given band to pass therethrough. The 
electric wave thus radiated and reflected from an external object 
is received by an Rx antenna (309) and amplified by an RxRF amplifier 
310, and thereafter mixed with a signal from the RxLO oscillator 
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301 which is another signal of two signals that have been divided 
by the power divider 302 by a mixer 2 (311) so as to drop down to 
an intermediate frequency. Thereafter, the signal passes through 
an RxIF amplifier 1 (312), a filter 2 (313) and an RxIF amplifier 
2(314), and is envelope-detected by a detector 315 so as to become 
a receive signal 317 . The filter 2 is so structured as to pass through 
only the frequency component within a given band. 

Subsequently, the transmit pulse generating circuit 201 shown 
in Fig. 2 will be described. Fig. 4 is a circuit diagram showing 
the transmit pulse generating circuit, and Fig. 5 is a timing chart. 
As shown in Figs. 4 and 5, there is disposed a circuit 401 that 
generates a saw-tooth wave 502 in synchronism with a reference 
rectangular signal 501, and its output 502 and a transmit timing 
voltage 503 are compared with each other by a comparator 402, to 
thereby generate a transmit pulse rectangular signal 504. Then, 
the transmit pulse rectangular signal 504 is delayed and inversed 
by NOR gates 403 to 405 to generate a new rectangular signal 505, 
which is inputted to a NOR gate 406 together with the output 504 
of the comparator 402. Then, an output 506 of the NOR gate 406 is 
further allowed to pass through a NOR gate 4 07 to obtain a transmit 
pulse 507 . 

Subsequently, the receive saw-tooth wave generating circuit 
203 and the receive signal sample/hold circuit 204 shown in Fig. 
2 will be describedbelow. Fig. 6 is a circuit diagram of the receive 
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saw-tooth wave generating circuit 203 and the receive signal 
sample/hold circuit 204, and Fig. 7 is a timing chart. As shown 
in Figs. 6 and 7, there is disposed a circuit 601 (receive saw-tooth 
wave generating circuit 203) that generates a saw-tooth wave 701 
in synchronism with the transmit pulse signal 501 (refer to Fig. 
5), and a downstream circuit (receive signal sample/hold circuit 
204) samples and holds the level of the saw-tooth wave 701 when 
the receive signal 702 is inputted, to thereby obtain a sample/hold 
output 7 03. 

Then, the internal processing of the CPU 205 will be described. 
Fig. 8 is a flowchart, and Fig. 9 is a timing chart, respectively. 
First, the interior of the CPU 205 is initialized in Step S801. 
Then, a reference rectangular signal 901 is generated in Step S802, 
and data is initialized in Step S803 (processing up to this step 
corresponds to the rectangular signal generating means 1) . 

In Step S804, a voltage value that determines the timing of 
the transmit pulse is set to a given value by D/A output. In this 
example, setting is made by D/A, but it is possible that a.PWM signal 
is outputted, and the timing voltage of the transmit pulse is set 
in combination with a PWM control circuit. In this example, a 
plurality of transmit timing voltages 902 are prepared. That is, 
as shown in Fig. 9, N transmit timing voltages 902 are prepared 
in an observation section to903 to set N range bins. Therefore, 
at this time, the sampling time becomes to/N. The transmit timing 
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voltage 902 is set up to a transmit timing N (905) from a transmit 
timing 1 (904) of Fig. 9 in order (processing up to this step 
corresponds to the transmit timing voltage setting means 2.) . As 
the setting method, as shown in Fig. 9, times when the transmit 
saw-tooth wave signal reaches the levels of the transmit timing 
voltage values 1 to N which are determined to given values are set 
as the transmit timings 1 to N, respectively. Accordingly, in the 
example shown in Fig. 9, the transmit timings become the order of 
N, • • • , 3, 2, 1 in time series. In the example of Fig. 9, the values 
of the respective transmit timing voltages 1 to N reduce with the 
voltage value width of a regular interval in order (that is, a 
difference between the transmit timing voltages 1 and 2 is identical 
with a difference between the transmit timing voltages i and i+1. ) , 
but the present invention is not limited to this case, and the 
intervals may be slightly changed. 

In Step S805, the A/D value of the sample/hold output is read, 
and data is stored in a register (Data[i], i: range bin) . In Step 
S806, it is judged whether or nor the A/D values of all the range 
bins are read and if not, processing is returned to Step S804, and 
if all the range bins have been read, processing is advanced to 
the detecting/distance measuring process of Step S807. In a 
succeeding step S808, it is judged whether or not a given period 
of time (forexample, 50ms) has been elapsed and if so, the processing 
is returned to Step S803, but if not, waiting is made until the 
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given period of time is elapsed; 

Then, the detecting/distance measuring process 
(detecting/distancemeasuringmeans 8) of Step S807 will be described 
with reference to a flowchart of Fig. 10. First, in Step S1001, 
a range bin No. i is initialized (i = 0) . Then, in a succeeding 
Step 1002, it is judged whether or not the A/D value (Data[i]) of 
the range bin i is larger than a predetermined minimum value MIN. 
If larger, the processing is advanced to the distance calculating 
process of Step S1003, but if not larger, the processing is advanced 
to Step S1004 in which a non-detected corresponding distance 
(NonDist) is substituted for a register Dist[i] as a distance value . 
In Step S1005, the range bin No. i increments, and in Step S1006, 
it is judged whether or not all the range bins have been subjected 
to the above-mentioned processing. When all the range bins have 
not yet been subjected to the processing, the processing is returned 
to Step S1002, and if the processing completed, the processing is 
shifted to a target extracting process of Step S1007, thus completing 
the detecting/distance measuring process. 

Subseguently, the distance calculating process of Step S1003 
will be described in detail. As shown in Fig. 11, assuming that 
the transmit pulse width is Tw [ns] (reference numeral 1101), the 
total time of a slope portion of the receive saw-tooth signal is 
Tmax [ns] (reference numeral 1102) , the sample/hold output is Vi [V] , 
the maximum level of the receive saw-tooth wave signal is Vmax 
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[V] (reference numeral 1103) and a delay time from the above slope 
start point of the receive pulse signal is Ti [ns] (reference numeral 
1104), Ti is represented as follows: . . 

Ti = Tmax X (Vi/Vmax) [ns] •••(!) 

Accordingly, a distance Dist[i] to the target is calculated 
as follows: 

Dist[i] = (Ti + Tw) x 0.15 [m] ---(2) 

In this example, in the case of Vi > Vmax, Ti = Tmax is satisfied. 

Then, the target extracting process of Step S1007 will be 
described in detail with reference to a flowchart of Fig. 12 . First, 
in Step S1201, the range bin No . i and the target distance DistTgt[j] 
( j = 0 to M, M is the number of extracted targets) are initialized, 
respectively. 0 is substituted for the range bin No. i, and the 
non-detected distance Nondist is substituted for the target distance . 
Then, in Step S1202, the target No. j = 0 is assumed. 

In Step S1203, it is judged whether or nor the distance value 
Dist[i] of the range bin in question is the non-detected distance 
NonDist and if so, the processing is advanced to Step S1209 that 
will be described later. If not, it is judged whether or not the 
target No. j is 0 in Step S1204, and if 0, Dist[i] is substituted 
for the target distance DistTgt[j] in Step S1205. In addition, the 
target No. j increments in Step S1206, and the processing is advanced 
to Step S1209 that will be described later'. If the target No. j 
is not 0 in Step S1204, the processing is advanced to Step S1207 
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in which it is judged whether or not the distance value Dist[i] 
of the range bin in question is larger than the target distance 
DistTgt[j-l] + a (a: a threshold. value for judging whether or not 
it is the same target) and if larger, the processing is advanced 
toStepS1205. If not larger, Distfi] is also regarded as the distance 
value of the same target as that of the DistTgt [ , and an averaging 
process is conducted in Step S1208. 

Thereafter, the range bin No. i increments in Step S1209, and 
if all the range, bins have not yet been subjected to the 
above-mentioned processing and the number of targets does not exceeds 
the number of extracted targets (M) in Step S1210, the processing 
is returned to Step S1203, and the above-mentioned processing is 
conducted. In the case where all the range bins implement the 
above-mentioned processing or the number of targets exceeds M, the 
target extracting process is completed. 

As described above, according to this embodiment, the receive 
sample timing is set to a regular interval and a relatively long 
period, and the transmit timing is changed to substantially change 
the sampling timing. At the receive side, the signal is sampled 
and held by using the receive wave and the saw-tooth wave, and the 
sample/hold voltage is read and converted into the distance value. 
As a result, the distances to a plurality of targets can be measured 
inexpensively and with high precision. 
Second Embodiment 
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This embodiment changes the processing within the CPU in the 
first embodiment, and the other portions are identical with those 
in the first embodiment* Because the entire structure is identical . 
with that shown in Figs. 1 and 2, their description will be omitted 
with reference to those figures. 

A modified portion of this embodiment resides in the transmit 
timing voltage settingof StepS804 in Fig. 8 . In the first embodiment, 
the transmit timing 1 to the transmit timing N are set in order. 
In this embodiment, the transmit timing voltage is set at random. 
Fig. 13 shows a method of setting the transmit timing voltage at 
random. First, the range bin No. is inputted to the register Bin[k] 
in Step S1301 (k= 0 to N-l) . Then, the range bin Nos . are rearranged 
at random in Step SI 3 02 , and then re-inputted to the register Bin [k] . 
Then, V[Bin[k]] is sequentially set from Bin[0] to Bin [N-l] in 
Step S1303. 

As described above, according to this embodiment, since the 
transmit timing is set at random, an interference resistance 
performance from a radar of the same type and a disturbance can 
be improved. 

The foregoing description of the preferred embodiments of the 
invention has been presented for purposes of illustration and 
description. It is not intended to be exhaustive or to limit the 
invention to the precise form disclosed, and modifications and 
variations are possible in light of the above teachings or may be 
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acquired f rompractice of the invention. The embodiments were chosen 
and described in order to explain the principles of the invention 
and its practical application to. enable one skilled in the art to 
utilize the invention in various embodiments and with various 
modifications as are suited to the particular use contemplated. 
It is intended that the scope of the invention be defined by the 
claims appended hereto, and their equivalents. 
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